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CFO 15609 US 



Motor and Optical Apparatus Using The Same 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an ultra-compact 
motor, and a light amount adjusting apparatus and a 
lens barrel each of which uses the motor. 
Related Background Art 

Fig. 20 shows a conventional compact cylindrical 
stepping motor. A stator coil 205 is concentrically 
wound around a bobbin 201. The bobbin 201 is clamped 
and fixed between two stator yokes 206 in the axial 
direction. On the stator yokes 206, stator teeth 206a 
and 206b are arranged on the inner surface of the 
bobbin 201 alternately in its circumferential 
direction. The stator yoke 206 integrally formed with 
the stator teeth 206a or 206b is fixed to a case 203 to 
form a stator 202. 

A flange 215 and bearing 208 are fixed to one of 
two cases 203, and the other bearing 208 is fixed to 
the other case 203. A rotor 209 is formed by a rotor 
magnet 211 fixed to a rotor shaft 210. The rotor 
magnet 211 and the stator yoke 206 of the stator 202 
form a radial gap portion. The rotor shaft 210 is 
rotatably supported between the two bearings 208. 

In the conventional compact stepping motor shown 
in Fig. 20, however, the cases 203, bobbins 201, stator 



coils 205, and stator yokes 206 are concent:rically 
arranged around the rotor, and hence the outer 
dimensions of the motor become large. As shown in 
Fig. 21, the magnetic flux generated upon energization 
of the stator coil 205 mainly run through end faces 
206al and 206bl of the stator teeth 206a and 206b- For 
this reason, the magnetic flux does not effectively act 
on the rotor magnet 211. Consequently, the output 
level of the motor does not rise remarkably. 

The present applicant has proposed a motor that 
solves such a problem in U.S. Patent No. 5,831,356. 
Fig. 22 shows this motor. In this motor, a rotor 311 
formed by a magnet alternately magnetized to different 
poles at equal intervals in the circumferential 
direction is formed into a cylindrical shape. A first 
coil 312, the rotor 311, and second coil 313 are 
sequentially arranged in the axial direction of the 
rotor. First outer magnetic poles 314a and 314b and 
first inner magnetic poles 314c and 314d, which are 
excited by the first coil 312, are opposed to the outer 
and inner circumferential surfaces of the rotor 311, 
respectively. Second outer magnetic poles 315a and 
315b and second inner magnetic poles 315c and 315d, 
which are excited by the second coil 313, are opposed 
to the outer and inner circumferential surfaces of the 
rotor, respectively. A rotating shaft 317 serving as a 
rotor shaft is joined to the magnet of the cylindrical 



rotor 311, 

A motor having such an arrangement can be reduced 
in outer dimensions, and the output level can be 
raised. In addition, if the magnet of the rotor 311 is 
formed thin, the distance between the first outer 
magnetic poles 314a and 314b and the first inner 
magnetic poles 314c and 314d and the distance between 
the second outer magnetic poles 315a and 315b and the 
second inner magnetic poles 315c and 315d can be 
reduced- That is, the reluctance of a magnetic circuit 
which acts on the magnet can be reduced. Therefore, a . 
large amount of magnetic flux can be generated even by 
supplying small currents to the first and second coils 
312 and 313. 

A motor of the type disclosed in U.S. Patent 
No- 5,831,356 is designed such that the magnet of the 
rotor 311 is held via an output shaft 317 and a bearing 
portion 314e of a stator 314 that forms magnetic poles 
with certain gaps being ensured with respect to the 
outer magnetic poles 314a and 314b (315a and 315b) and 
inner magnetic poles 314c and 314d {315c and 315d) of 
the stator 314. For this reason, in consideration of 
the distortion of the output shaft , distortion due to a 
change in temperature, and the like, the gaps between 
the magnet and the outer and inner magnetic poles of 
the stator must be kept with high precision. There is 
room for improvement in this point. 



SUMMARY OF THE INVENTION 

One aspect of this invention is to provide a 
compact motor including a cylindrical rotor formed by a 
magnet divided into equal portions in the 
circumferential direction, which are alternately 
magnetized to the different poles, first and second 
coils positioned on two sides of the rotor in the axial 
direction, first and second outer magnetic pole 
portions which oppose the outer circumferential 
surfaces of the coils and magnet and excited by the 
first and second coils, respectively, and first and 
second inner magnetic pole portions which oppose the 
inner circumferential surfaces of the coils and magnet, 
wherein the gaps between the magnet and the respective 
magnetic pole portions can be defined with high 
precision by using an annular member for being fitted 
on inner circumferential surface of magnet and 
regulating the position of the magnet in the radial 
direction , 

In addition, this motor may include an annular 
member which is fitted on the outer circumferential 
surface of the magnet, instead of the inner 
circumferential surface, and regulates the position of 
the magnet in the radial direction. 

Furthermore, since the magnet rotatably fits by 
the annular member, a hollow compact motor can be 
realized. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig* 1 is an exploded perspective view of a motor 
according to the first embodiment; 

Fig. 2 is a longitudinal sectional view of tlie 
motor in Fig. 1 in the axial direction after assembly; 

Figs. 3A, 3B, 3C and 3D are sectional views each 
of which is taken along a line A - A in Fig. 2, and 
shows a rotated state of a rotor; 

Figs. 4A, 4B, 4C and 4D are sectional views each 
of which is taken along a line B - B in Fig . 2 , and 
shows a rotated state of the rotor; 

Fig. 5 is a view showing a modification of the 
motor in Fig . 2 ; 

Fig. 6 is a view showing another modification of 
the motor in Fig. 2; 

Fig. 7 is a plan view showing the sizes of the 
motor in Fig. 1 and a lens barrel base plate or light 
amount adjusting apparatus; 

Fig. 8 is an exploded perspective view of a motor 
according to the second embodiment; 

Fig. 9 is a longitudinal sectional view of the 
motor in Fig. 8 in the axial direction after assembly; 

Figs. lOA, lOB, IOC and lOD are sectional views 
each of which is taken along a line A - A in Fig . 9 , 
and shows a rotated state of a rotor; 

Figs. IIA, IIB, lie and IID are sectional views 
each of which is taken along a line B - B in Fig. 9, 



and shows a rotated state of the rotor; 

Fig. 12 is an exploded perspective view of a motor 
according to the third embodiment ; 

Fig. 13 is a longitudinal sectional view of the 
motor in Fig. 12 in the axial direction after assembly; 

Figs. 14A and 14B are sectional views which are 
respectively taken along lines A - A and B - B in 
Fig. 13, and show rotated states of a rotor; 

Fig. 15 is a view showing a modification of the 
motor in Fig. 12; 

Fig. 16 is an exploded perspective view of a motor 
according to the fourth embodiment; 

Fig. 17 is a longitudinal sectional view of the 
motor in Fig. 16 in the axial direction after assembly; 

Figs. 18A and 18B are sectional views which are 
respectively taken along lines A - A and B - B in 
Fig. 17, and show rotated states of a rotor; 

Fig. 19 is a view showing a modification of the 
motor in Fig . 16 ; 

Fig. 20 is a longitudinal sectional view of a 
conventional stepping motor in the axial direction; 

Fig. 21 is a partial sectional view schematically 
showing the state of a magnetic flux at the stator of 
the conventional stepping motor; and 

Fig. 22 is a sectional view showing a conventional 
compact stepping motor in the axial direction. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 

Figs, 1 to 4 are views showing a motor (stepping 
motor) according to the first embodiment of the present 
invention . 

Fig, 1 is an exploded perspective view of the 
motor according to the first embodiment of the present 
invention. Fig, 2 is a longitudinal sectional view 
showing the motor in Fig, 1 in the axial direction 
after assembly. Fig, 3 is a sectional view which is 
taken along a line A - A in Fig, 2, and shows a rotated 
state of a rotor. Fig, 4 is a sectional view which is 
taken along a line B - B in Fig . 2 , and shows a rotated 
state of the rotor. Referring to Figs. 1 and 2, a 
cylindrical magnet 1 forms the rotor. The cylindrical 
circumferential surface of the magnet 1 is divided into 
n portions (10 portions in this embodiment) in the 
circumferential direction, which are alternately 
magnetized to S and N poles to form magnetized portions 
la, lb, Ic, Id, le. If, Ig, Ih, li, and Ij. That is, 
if the magnetized portions la, Ic, le, Ig, and li are 
magnetized to the S pole, the magnetized portions lb. 
Id, If, Ih, and Ij are magnetized to the N pole. 

The magnet 1 is made of a plastic magnet material 
by injection molding. This makes it possible to 
greatly reduce the thickness of the cylindrical shape 
of the magnet 1 in the radial direction, A flange 
portion extends inward in the radial direction at the 
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central portion of the inner surface of the magnet 1 in 
the axial direction. A through hole (fitting portion) 
Ik in which a rotor shaft is inserted and fixed is 
formed in the central portion of this flange portion. 
5 An output shaft 10 serving as a rotor shaft is fixed in 
the fitting portion Ik of the magnet 1 by press 
fitting. The magnet 1 is formed by a plastic magnet 
formed by injection molding. Even if, therefore, 
assembly is performed by press fitting, no crack is 

10 produced. In addition, this motor can be easily 

manufactured in spite of its complicated shape having 
the fitting portion Ik with a small inner diameter 
formed in the axial central portion. The output shaft 
10 and magnet 1 are assembled and fixed by press 

15 fitting, and hence can be easily manufactured at a low 
cost. 

As a material for the magnet 1, for example, a 
plastic magnet formed by injecting a mixture of Nd-Fe-B 
rare -earth magnetic powder and a thermoplastic resin 

20 binder material such as polyamide is used. A 

conventional magnet formed by compression molding has a 
bending strength of about 500^ Kgf/cm^. In contrast to 
this, when, for example, polyamide resin is used as a 
binder material, the magnet has a bending strength of 

25 about 800 Kgf/cm^ or more. Therefore, a thin structure 
that cannot be obtained by conventional compression 
molding can be obtained, and a thin, cylindrical magnet 



1 can be formed. To form the magnet 1 xnto a thin 
cylindrical structure is effective in improving the 
performance of the motor (as will be described alter) , 
In addition, since a shape can be arbitrarily selected 
for the magnet 1, a shape for fixing the rotor shaft, 
which cannot be obtained by compression molding, can be 
integrally formed. With this structure, the rotor 
shaft can have sufficient strength. Furthermore, since 
the rotor shaft has high strength, it does not crack 
even if the it is fixed by press fitting or the like. 

At the same time, since the rotor shaft fixing 
portion is integrally formed, the coaxial precision of 
the magnet portion with respect to the rotor shaft 
portion improves, and run-out or fluctuation can be 
reduced. In addition, the gap distance between the 
magnet and the stator portion can be reduced. The 
compression magnet has a maximum energy product of 8 
MGOe or more whereas the injection-molded magnet has a 
maximum energy product of about 5 to 7 MGOe. However, 
a sufficient output torque for the motor can be 
obtained. Since a thin resin film is formed on the 
surface of the injection-molded magnet, the formation 
of rust can be greatly suppressed as compared with the 
compression magnet. Therefore, an anti- corrosion 
process such as coating can be omitted. Furthermore, 
the injection-molded motor is free from problems posed 
in the compression magnet* That is, no magnetic powder 
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adheres to the magnet and the surface of the motor does 
not bulge, which tends to occur when an anti-corrosion 
coating is formed. This makes it possible to attain an 
improvement in quality. 

Referring to Figs. 1 and 2^ this motor includes a 
first bobbin 2, a second bobbin 3, a cylindrical first 
coil 4 wound around the first bobbin 2, and a 
cylindrical second coil 5 wound around the second 
bobbin 3. The first and second coils 4 and 5 are 
concentric with respect to the magnet 1 and located to 
sandwich the magnet 1 in the axial direction. The 
outer diameters of the first and second coils 4 and 5 
are almost equal to that of the magnet 1. First and 
second stators 18 and 19 are made of a soft magnetic 
material. The first and second stators 18 and 19 are 
arranged with a phase shift of 180/n° . Since n - 10 in 
this embodiment, they are arranged with a phase shift 
of 18** . The first and second stators 18 and 19 are 
composed of outer and inner cylinders. The distal end 
portion of the outer cylinder as the stator 18 is 
formed into outer magnetic pole portions 18a, 18b, 18c, 
18d, and 18e. As shown in Fig. 1, the first outer 
magnetic pole portions are formed into the shape of 
teeth by partly gapping the distal end of the outer 
cylinder in the axial direction. Thus, the first outer 
magnetic pole portions are formed into the shape of 
comb teeth arranged in the circumferential direction 



without any reduction in inner* diameter. As is obvious 
from Fig. 1 and 2, only gaps exist between the adjacent 
teeth. In addition, the first outer magnetic pole 
portions 18a, 18b, 18c, 18d, and 18e of the first 
stator 18 are formed at angular intervals of 
360/(n/2)** , i.e., 72** to be in phase with the 
magnetization of the magnet 1. 

A first auxiliary stator 21 has an inner surface 
21f fixed in an inner cylinder 18f of the first stator 
18 by fitting. First inner magnetic pole portions 21a, 
21b, 21c, 2 Id, and 21e are also formed at angular 
intervals of 360/(n/2)* , i.e., 72* , to be in phase with 
the magnetization of the magnet 1. The first inner 
magnetic pole portions 21a, 21b, 21c, 2 Id, and 21e are 
formed on the outer surface of the first auxiliary 
stator 21 so as to face the first outer magnetic pole 
portions 18a, 18b, 18c, 18d, and 18e. The first outer 
magnetic poles and first inner magnetic poles extend 
from the first coil 4 toward the magnet in the same 
direction. Therefore, one end of the magnet is 
inserted between the outer and inner magnetic poles at 
which the air gap becomes minimum. Consequently, the 
magnetic flux generated upon energization of the first 
coil 4 runs through the magnet 1 to effectively act on 
it. 

The second stator and second auxiliary stator have 
the same arrangements as those of the first stator and 



first auxiliary stator, respectively. The distal end 
portion of the second stator 19 is formed into second 
outer magnetic pole portions 19a, 19b, 19c, 19d, and 
19e. The second outer magnetic pole portions are 
formed by partly gapping the distal end of the outer 
cylinder in the axial direction. With this process, 
the second outer magnetic poles are formed into the 
shape of comb teeth without any reduction in inner 
diameter. A second auxiliary stator 22 has an inner 
surface 22f fixed in an inner cylinder 19f of the 
second stator 19 by fitting. The second inner magnetic 
pole portions 22a, 22b, 22c, 22d, and 22e are formed at 
angular intervals of 360/(n/2)*' , i.e., 72* , to be in 
phase with the magnetization of the magnet 1 . The 
second second outer magnetic pole portions 19a, 19b, 
19c, 19d, and 19e of the second stator 19 are also 
formed at angular intervals of 360/(n/2)*' , i.e., 72*^, 
to be in phase with the magnetization of the magnet 1 . 
The second inner magnetic pole portions 22a, 22b, 22c, 
2 2d, and 22e are formed on the outer surface of the 
second auxiliary stator 22 so as to face the second 
outer magnetic pole portions 19a, 19b, 19c, 19d, and 
19e of the second stator. The second outer magnetic 
poles and second inner magnetic poles extend from the 
second coil 5 toward the magnet in the seane direction. 
Therefore, one end of the magnet is inserted between 
the outer and inner magnetic poles at which the air gap 



becomes minimiim. Consequently, the magnetic flux 
generated upon energization of the second coil 5 runs 
through the magnet 1 to effectively act on it/ 

The first outer magnetic pole portions 18a, 18b, 
18c, 18d, and 18e and second outer magnetic pole 
portions 19a, 19b, 19c, 19d, and 19e are formed by 
gapped holes and teeth extending parallel to the motor 
axis. This arrangement allows the formation of 
magnetic poles that limit the diameter of the motor to 
a small value. If outer magnetic pole potions are 
formed by recesses /projections extending in the radial 
direction, the diameter of the motor increases 
accordingly for the following reason. In order to make 
the recesses/projections effectively serve as magnetic 
poles, the influence of a magnetic flux from the 
recesses must be reduced, and the influence of a 
magnetic flux from the projections must be increased. 
For this purpose, the difference between the recesses 
and the projections must be increased, resulting in an 
increase in diameter. In this embodiment, since the 
outer magnetic pole portions are formed by gapped holes 
and teeth extending parallel to the motor axis , the 
diameter of the motor can be limited to a small value . 
The first outer magnetic pole portions 18a, 18b, 18c, 
18d, and 18e and first inner magnetic pole portions 
21a, 21b, 21c, 2 Id, and 21e are formed to sandwich one 
end side of the magnet 1 so as to face the outer and 
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inner circumferential surfaces of one end side of the 
magnet 1. The second outer magnetic pole portions 19a, 
19b, 19c, 19d, and 19e and second inner magnetic pole 
portions 22a, 22b, 22c, 22d, and 22e are formed to 
sandwich the other side of the magnet 1 so as to face 
the outer and inner circumferential surfaces of the 
magnet 1 - With this arrangement , the magnet on which 
the first outer magnetic poles and first inner magnetic 
poles act and the magnet on which the second outer 
magnetic poles and second inner magnetic poles act can 
be integrated by one magnet- With this arrangement, 
the phases corresponding to the magnets of the first 
and second outer magnetic poles can be easily set at 
correct positions. 

A first intermediate member 6 has a hollow 
cylindrical shape. The inner surface of the first 
intermediate member 6 rotatably fits on the outer 
surfaces 21a, 21b, 21c, 21d, and 21e of the first 
auxiliary stator 21, which serve as the first inner 
magnetic pole portions. The outer circumferential 
surface of the first intermediate member 6 rotatably 
fits in an inner circumferential surface Im of the 
magnet 1. A second intermediate member 7 has a hollow 
cylindrical shape. The inner surface of the second 
intermediate member 7 rotatably fits on the outer 
surfaces 22a, 22b, 22c, 22d, and 22e of the second 
auxiliary stator 22, which serve as the second inner 



magnetic portions . The outer circumferential surface 
of tlie second intermediate member 7 rotatably fits in 
an inner circumferential surface In of the magnet 1. 
The magnet 1 is rotatably held by the first and second 
intermediate members 6 and 7 . The gap between the 
inner circumferential surface (inner surface) of the 
magnet 1 and the first or second inner magnet pole 
portions is defined by only the thicknesses of the 
first and second intermediate members 6 and 7. This 
makes it possible to keep the gap with high precision 
and stabilize the output characteristics of motors in 
mass production. 

As described above, the magnet 1 is made of a 
plastic magnet material by injection molding. This 
makes it possible to greatly reduce the thickness of 
the magnet in the radial direction of the cylindrical 
shape. This can greatly reduce the distance between 
the first outer magnetic pole portions 18a, 18b, 18c, 
18d, and 18e of the first stator 18 and the first inner 
magnetic pole portions 21a, 21b, 21c, 21d, and 21e, 
thus reducing the reluctance of the magnetic circuit 
formed by the first coil 4 and first stator 18. 
Obviously, the same applies to the second stator 19. 
This makes it possible to generate a magnetic flux with 
a small amount of current and attain an increase in the 
output level of the motor, a reduction in power 
consumption, and a reduction in the size of each coil. 



Referring to Pigs. 1 and 2, a coupling ring 20 is 
formed by a substantially cylindrical member having a 
slit 20b* This coupling ring 20 is made of a 
nonmagnetic material having spring characteristics, 
e.g,, spring stainless steel or spring phosphor bronze. 
An inner surface 20a of the coupling ring 20 as a 
single member has a diameter smaller than the outer 
diameter of the outer magnetic pole portions of the 
first and second stators 18 and 19. When the outer 
magnetic pole portions of the first and second stators 
18 and 19 are inserted in the inner surface 20a, the 
coupling ring 20 elastically deforms due to the slit 
20b to elastically hold the first and second stators 18 
and 19. 

The first and second stators 18 and 19 are fixed 
with a phase shift of ISO/n*" (18° in this embodiment) 
such that their distal ends are spaced apart by a 
predetermined distance. That is, the distal ends of 
the first outer magnetic pole portions 18a, 18b, 18c, 
18d, and 18e and the distal ends of the second outer 
magnetic pole portions 19a, 19b, 19c, 19d, and 19e are 
spaced apart by a predetermined distance in a direction 
parallel to the motor axis and face each other with a 
phase shift of 180/n* (18'' in this embodiment). Since 
the first and second outer magnetic poles face each 
other, a magnetic flux runs smoothly between the 
magnetic poles. However, since the coupling ring 20 is 



made of a nonmagnetic material, the first and second 
stators 18 and 19 can be magnetically isolated from 
each other, thereby preventing the respective stators 
from magnetically influencing each other. This 
stabilizes the performance of the motor. 

Figs . 3A to 3D are sectional views each of which 
is taken along a line A - A in Fig. 2, and shows a 
rotated state of the rotor. Figs. 4A to 4D are 
sectional views each of which is taken along a line B - 
B in Fig. 2, and shows a rotated state of the rotor. 
Figs. 3A and 4A show states at the same time point, and 
so do Figs. 3B and 4B, Figs. 3C and 4C, and Figs. 3D 
and 4D. An illustration of the intermediate members 6 
and 7 and coupling ring 20 is omitted from Figs. 3A to 
3D and Figs. 4A to 4D. 

Referring to Figs. 3A to 3D and Figs. 4A to 4D, 
the coils 4 and 5 are energized in the states shown in 
Figs. 3A and 4A to magnetize the first outer magnetic 
pole portions 18a, 18b, 18c, 18d, and 18e to the S 
pole; the first inner magnetic pole portions 21a, 21b, 
21c, 2 Id, and 21e to the N pole; the second outer 
magnetic pole portions 19a, 19b, 19c, 19d, and 19e to 
the N pole; and the second inner magnetic pole portions 
22a, 22b, 22c, 22d, and 22e to the S pole. As a 
consequence, the magnet 1 serving as a rotor rotates 
counterclockwise by 18* to reach the states shown in 
Figs. 3B and 4B. 
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The direction of the current supplied to the 
second coil 5 is then reversed to magnetize the first 
outer magnetic pole portions 18a, 18b, 18c, ISd, and 
18e to the S pole; the first inner magnetic pole 
portions 21a, 21b, 21c, 21d, and 21e to the N pole; 
second outer magnetic pole portions 19a, 19b, 19c, 19d, 
and 19e to the S pole; and the second inner magnetic 
pole portions 22a, 22b, 22c, 22d, and 22e to the N 
pole. As a consequence, the magnet 1 serving as the 
rotor further rotates counterclockwise by 18** to reach 
the states shown in Figs. 3C and 4C, 

The direction of the current supplied to the first 
coil 4 is then reversed to magnetize the first outer 
magnetic pole portions 18a, 18b, 18c, 18d, and 18e to 
the N pole; the first inner magnetic pole portions 21a, 
21b, 21c, 21d, and 21e to the S pole; the second outer 
magnetic pole portions 19a, 19b, 19c, 19d, and 19e to 
the S pole; and the second inner magnetic pole portions 
22a, 22b, 22c, 22d, and 22e to the N pole. As a 
consequence, the magnet 1 serving as the rotor further 
rotates counterclockwise by 18° to reach the states 
shown in Figs. 3D and 4D. Subsequently, the energizing 
directions of the first and second coils 4 and 5 are 
sequentially switched in this manner to rotate the 
magnet 1 serving as the rotor to positions 
corresponding to energization phases. 

A stepping motor having an arrangement like that 
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described above is optimal for the realization of an 
ultra-compact motor. This will be described below. 
The basic arrangement of the stepping motor will be 
described first. First, the magnet has a hollow 
cylindrical shape. Second, the outer circumferential 
surface of the magnet is divided into n portions in the 
circumferential direction, and the n portions are 
alternately magnetized to the different poles. Third, 
the first and second coils are sequentially arranged in 
the axial direction of the magnet. Fourth, the outer 
and inner magnetic pole portions of the first and 
second stators excited by the first and second coils 
are opposed to the outer and inner circumferential 
surfaces of the magnet. Fifth, the outer magnetic pole 
portions are constituted by gaps and teeth extending in 
a direction parallel to the motor axis. 

The outer diameter of this stepping motor may be 
large enough to make the magnetic poles of the stator 
face the outer surface of the magnet . The length of 
the stepping motor may be equal to the sum of the 
length of the magnet and the lengths of the first and 
second coils. For this reason, the size of the 
stepping motor is determined by the diameter and length 
of the magnet and each coil. If, therefore, the 
diameter and length of the magnet and each coil are 
greatly reduced, an ultra-compact stepping motor can be 
realized. 
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To greatly reduce the diameter and length of the 
magnet and each coil will make it difficult to maintain 
tiigh precision for the stepping motor. However, by 
inserting an intermediate member having a hollow 
cylindrical shape between the inner circumferential 
surface of the magnet and the inner magnetic poles, the 
positional precision of the magnet in the radial 
direction can be ensured. In this case, if the inner 
circumferential surface of the magnet is divided in the 
circumferential direction and magnetized as well as the 
outer circumferential surface of the magnet, the output 
level of the motor can be further raised. 

Fig. 5 is a modification of the motor in Fig. 2. 
Referring to Fig. 2, the first and second intermediate 
members 6 and 7 are used. However, only one of the 
first intermediate member 6 and the second intermediate 
member 7 may be used. Referring to Fig. 5, only the 
second intermediate member 7 is used, but the first 
intermediate member 6 (Fig. 2) is not used. Instead of 
the first intermediate member 6, a bearing portion 18f 
is formed on the first stator 18. A portion 10a of the 
output shaft 10 which is located closer to the left end 
portion rotatably fits and is supported in the bearing 
portion 18f . A pinion gear 23 is fixed to the left end 
portion of the output shaft 10. The modification shown 
in Fig. 5 differs from the first embodiment shown in 
Figs. 1 to 4A through 4D in the above points, but is 
substantially the same as the first embodiment in other 



arrangements. Note that the same reference numerals as 
in the first embodiment denote the same parts in this 
modification . 

If the rotational output of the motor is to be 
transferred to another mechanism through the pinion 
gear 23 and the like as in Fig. 5, the positional 
precision of the pinion gear 23 is important. If one 
end of the output shaft to which the pinion gear 23 and 
the like are attached is axially supported by the 
bearing portion 18f , and the other end is axially 
supported by the intermediate portion 7, at least the 
positional precision of the outer and inner magnetic 
pole portions of the second stator 19 can be ensured in 
the radial direction of the magnet. As in the first 
embodiment shown in Fig. 1 to 4A through 4D, therefore, 
motor characteristics can be stabilized in mass 
production. 

Fig, 6 shows another modification of the motor in 
Fig. 2. Referring to Fig. 6, the outer circumferential 
surface (outer surface) of the magnet 1 as the rotor is 
rotatably held by a third intermediate member 24 having 
a hollow cylindrical shape. As shown in Fig. 6, the 
third intermediate member 24 having the hollow 
cylindrical shape rotatably fits in the inner surfaces 
of the first outer magnetic pole portions 18a, 18b, 
18c, 18d, and 18e and second outer magnetic pole 
portions 19a, 19b, 19c, 19d, and 19e. The inner 
surface (inner circumferential surface) of the third 



- 22 - 



intermediate member 24 rotatably fits on the outer 
surface (outer circumferential surface) of the magnet 
1 . The magnet 1 is rotatably held by the third 
intermediate member 24. Note that an illustration of 
members corresponding to the first and second 
intermediate members 6 and 7 in Figs . 2 and 5 is 
omitted from Fig, 6. 

The motor shown in Fig. 6 differs from the motor 
shown in Figs . 2 and 5 in the above points , but is 
substantially the same in other respects . The same 
reference numerals as in Figs . 2 and 5 denote the same 
parts in Fig. 6, and a detailed description thereof 
will be omitted. According to this motor, the gap 
between the outer circumferential surface of the magnet 
1 and the first outer magnetic pole portions 18a, 18b, 
18c, 18d, and 18e or the second outer magnetic pole 
portions 19a, 19b, 19c, 19d, and 19e is defined by only 
the thickness of the third cylindrical intermediate 
member 24. Therefore, the positional precision in the 
radial direction of the magnet can be held high, and 
the motor characteristics can be stabilized in mass 
production. 

According to the arrangement shown in Fig . 6 , the 
third inteirmediate member 24 rotatably fits in the 
inner surfaces of the first outer magnetic pole 
portions 18a, 18b, 18c, 18d, and 18e and the inner 
surfaces of the second outer magnetic pole portions 



19a, 19b, 19c, 19d, and 19e of both tbe stators. 
However, the third intermediate member 24 may be 
rotatably fitted on the inner surfaces of the outer 
magnetic pole portions of one of the first and second 
stators 18 and 19. With this arrangement as well, the 
same effect as that described above can be obtained. 

A motor of the above type has a shaft in its 
center. For this reason, when this motor is used in 
the lens barrel of a camera, the motor must be 
positioned to be parallel to the optical axis. If the 
motor is to be used to drive aperture blades, shutter, 
lens, or the like, the radial size of the lens barrel 
is equal to the sum of the radius of the lens or the 
radial size of the stop aperture and the diameter of 
the motor. 

Fig. 7 shows this state. Letting Dl be the 
diameter of a motor M, D2 be the diameter of an 
aperture portion 101, and D3 be the diameter of a lens 
barrel base plate or light amount adjusting apparatus 
100, the diameter D3 of the lens barrel base plate 100 
becomes at least {2 x Dl + D2). For such an 
application purpose, a doughnut -shaped motor with a 
small size in the radial direction has been required. 
In addition, it is also required that a lens barrel 
unit or light amount adjusting apparatus be reduced in 
size. When, therefore, this motor is to be used for 
the lens barrel of a camera, there is room for 



improvement in optimizing the motor for this usage 
form. 

For information, for example, Japanese Patent 
Application Laid-Open Nos . 53-37745 and 57-166847 
disclose mechanisms for driving aperture blades by 
using hollow doughnut -shaped motors. Since each of 
these motors is formed by winding a coil around a 
hollow magnet, all the thickness of the coil, the 
thickness of the magnet, and the thickness of the 
stator add up in the radial direction. Therefore, the 
thickness of such a doughnut -shaped motor in the radial 
direction cannot be sufficiently reduced* In addition, 
a mechanism for driving a lens is disclosed in Japanese 
Utility Model Application Laid-Open No. 56-172827 or 
the like. According to this mechanism, since the 
central axis of a coil is positioned in a direction to 
extend toward the optical axis center of a lens barrel, 
the coil shape and assembly become complicated, 
resulting in an increase in the number of parts. This 
makes it impossible to realize a compact apparatus. 

A motor that ensures position precision in the 
radial direction of a magnet and has a doughnut shape 
will be described below. The shape of this motor is 
very suitable as a driving source for dr:iving a lens. 
(Second Embodiment) 

Fig, 8 is an exploded perspective view 
schematically showing the structure of the second 



embodiment. Fig. 9 is a longitudinal sectional view of 
the central portion of a motor in Fig. 8. Figs. lOA to 
lOD are schematic sectional views taken along a line A 
- A in Fig. 9. Figs. IIA to llD are schematic 
sectional views taken along a line B - B in Fig. 9. 
The second embodiment shown in Figs. 8 to llA through 
1 ID is a motor forming an actuator and having a hollow 
cylindrical shape (doughnut shape) . This motor does 
not have a member equivalent to the output shaft 10 in 
the first embodiment. 

Referring to Figs* 8 to llA through IID, a 
cylindrical magnet 31 has a rotor. The outer 
circumferential surface of this magnet 31 is divided 
into n portions (16 portions in this embodiment) in the 
circumferential direction, which are alternately 
magnetized to the S and N poles to form magnetized 
portions 31a, 31b, 31c, 31d, 31e, 31f, 31g, 31h, 31i, 
31j, 31k, 31m, 31n, 31p, 31q, and 31r. If, therefore, 
the magnetized portions 31a, 31c, 31e, 31g, 31i, 31k, 
31n, and 31q are magnetized to the S pole, the 
magnetized portions 31b, 31d, 31f, 31h, 31 j, 31m, 31p, 
and 31r are magnetized to the N pole. 

The magnet 31 is made of a plastic magnet material 
by injection molding. As in the first embodiment, the 
thickness of this magnet in the radial direction of the 
cylindrical shape can be greatly reduced. The inner 
circumferential surface of the magnet 31 has a weak 
magnetization distribution as compared with the outer 



circumferential surface or is not magnetized at all. 
Alternatively, the inner circumferential surface is 
magnetized to the opposite pole to the outer 
circumferential surface. That is, if a given portion 
of the outer circumferential surface is magnetized to 
the S pole, the corresponding portion of the inner 
circumferential surface is magnetized to the N pole. A 
rib portion (an annular rib portion extending from the 
inner surface toward the center) 31s having a small 
inner diameter is formed at the central portion of the 
magnet 31 in the axial direction. This motor also has 
a first coil 32 and second coil 34. The first and 
second coils 32 and 34 are concentric with respect to 
the magnet 31, and are positioned to sandwich the 
magnet 31 in the axial direction. The outer diameter 
of the first and second coils 32 and 34 is almost equal 
to that of the magnet 31. 

Referring to Figs. 8 to llA through IID, a first 
stator 38 is made of a soft magnetic material. This 
first stator 38 has an outer cylinder and an inner 
cylinder having a hollow columnar shape. In this 
embodiment, the outer and inner magnetic poles are 
gapped from the distal ends of the cylindrical portions 
in the axial direction to form a plurality of teeth. 
With this process, a plurality of magnetic pole 
portions in the shape of comb teeth are formed in the 
circumferential direction. In the first embodiment. 



only the outer magnetic pole is formed into the shape 
of comb teeth. In this embodiment, the inner magnetic 
pole also has the same arrangement. The distal end 
portion of the outer cylinder of the first stator 38 is 
formed into (n/2), i.e*, eight, first outer magnetic 
pole portions 38a, 38b, 38c, 38d, 38e, 38f , 38g, and 
38h which face the outer circumferential surface of the 
magnet 31 • The distal end portion of the inner 
cylinder of the first stator 38 is formed into (n/2), 
i.e., eight, first inner magnetic pole portions 38i, 
38 j, 38k, 38m, 38n, 38p, 38q, and 38r which face the 
inner circumferential surface of the magnet 31. The 
first outer magnetic pole portions 38a, 38b, 38c, 38d, 
38e, 38f , 38g, and 38h and first inner magnetic pole 
portions 38i, 38 j, 38k, 38m, 38n, 38p, 38q, and 38r are 
formed in phase with each other on two sides of the 
magnet 31. Each magnetic pole portion is formed with a 
shift of an integer multiple of 360/(n/2)°, i.e., an 
integer multiple of 45** , so as to be in phase with the 
magnetization phase of a corresponding portion of the 
magnet 31. 

A second stator 39 has an arrangement similar to 
that of the first stator. The second stator 39 is made 
of a soft magnetic material. This second stator 39 has 
an outer cylinder and an inner cylinder having a hollow 
columnar shape. The distal end portion of the outer 
cylinder of the second stator 39 is formed into (n/2). 
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i.e., eight, second outer magnetic pole portions 39a, 
39b, 39c, 39d, 39e, 39f , 39g, and 3911 which face the 
outer circumferential surface of the magnet 31, The 
distal end portion of the inner cylinder of the second 
stator 39 is formed into (n/2), i.e., eight, second 
inner magnetic pole portions 39i, 39J, 39k, 39m, 39n, 
39p, 39q, and 39r which face the inner circumferential 
surface of the magnet 31. The second outer magnetic 
pole portions 39a, 39b, 39c, 39d, 39e, 39f , 39g, and 
39h and second inner magnetic pole portions 39i, 39 j, 
39k, 39m, 39n, 39p, 39q, and 39r are formed on two 
sides of the magnet 31 to be in phase with each other. 
Each magnetic pole portion is formed with a shift of an 
integer multiple of 360/{n/2)'', i.e., an integer 
multiple of 45** , so as to be in phase with the 
magnetization phase of a corresponding portion of the 
magnet 31 . 

The first outer magnetic pole portions 38a, 38b, 
38c, 38d, 38e, 38f, 38g, and 38h and second outer 
magnetic pole portions 39a, 39b, 39c, 39d, 39e, 39f , 
39g, and 39h are constituted by gaps and teeth 
extending in a direction parallel to the motor axis. 
With this arrangement, magnetic poles can be formed 
while the diameter (outer size) of the motor is 
minimized. If outer magnetic pole portions are formed 
by radial recesses/projections, the diameter of the 
motor increases accordingly. However, since the outer 
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magnetic pole portions are constituted by the gaps and 
teeth extending in a direction parallel to the motor 
axis, the diameter of the motor can be limited to a 
small value. 

The first outer magnetic pole portions 38a, 38b, 
38c, 38d, 38e, 38f , 38g, and 38h and second outer 
magnetic pole portions 39a, 39b, 39c, 39d, 39e, 39f , 
39g, and 39h oppose each other and the phases (the 
angular positions of the magnetic pole portions in the 
circumferential direction) are shifted from each other 
by 180/n* , i.e., 11. 25** . In addition, the first inner 
magnetic pole portions 38i, 383, 38k, 38m, 38n, 38p, 
38q, and 38r and second inner magnetic pole portions 
39i, 39 j, 39k, 39m, 39n, 39p, 39q, and 39r sandwich the 
rib portion 31s of the magnet. 

The first outer magnetic pole portions 38a, 38b, 
38c, 38d, 38e, 38f , 38g, and 38h and first inner 
magnetic pole portions 38i, 383, 38k, 38m, 38n, 38p, 
38q, and 38r are formed (arranged) to face the outer 
and inner circumferential surfaces of one end of the 
magnet 31 and sandwich one end of the magnet 31. The 
second outer magnetic pole portions 39a, 39b, 39c, 39d, 
39e, 39f , 39g, and 39h and second inner magnetic pole 
portions 39i, 393, 39k, 39m, 39n, 39p, 39q, and 39r are 
formed (arranged) to face the outer and inner 
circumferential surfaces of the other end of the magnet 
31 and sandwich the other end of the magnet 31. 
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The first coil 32 Is wound between the outer and 
inner cylinders of the first stator 38- The second 
coll 34 is wound between the outer and inner cylinders 
of the second stator 39* When the first coil 32 is 
energized, the first outer magnetic pole portions and 
first inner magnetic pole portions are excited. When 
the second coil 34 is magnetized, the second outer 
magnetic pole portions and second inner magnetic pole 
portions are excited. 

As in the first embodiment, therefore, the 
magnetic flux generated at the magnetic pole portions 
effectively act on the magnet 31 serving as a rotor to 
raise the output level of the motor. In addition, this 
makes it possible to attain a reduction in power 
consumption (saving) and a reduction in coil size. 

A coupling ring 20 is formed by a cylindrical 
member. This coupling ring 20 is made of a nonmagnetic 
material, e.g*, a plastic material, spring stainless 
steel, or spring phosphor bronze. The coupling ring 20 
is used to hold and fix the first and second stators 38 
and 39 while their phases are shifted from each other 
by 180/n** , i.e., 11.25*, and the distal ends of the 
respective stators are spaced apart from each other by 
a given distance. Since the coupling ring 20 is made 
of a nonmagnetic material, the first and second stators 
38 and 39 can be magnetically isolated from each other, 
thereby preventing the respective stators from 
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magnetically influencing each other. This stabilizes 
the performance of the motor. 

The rib portion 31s formed on the inner 
circumferential surface of the magnet 31 is regulated 
5 by the distal end portions of the inner magnetic pole 
portions 381, 383, 38k, 38m, 38n, 38p, 38q, and 38r of 
the first stator 38 and the distal end portions of the 
inner magnetic pole portions 39i, 39j, 39k, 39m, 39n, 
39p, 39q, and 39r of the second stator 39. 

10 Referring to Figs. 8 to llA through IID, the outer 

circumferential surface (outer surface) of the magnet 
31 serving as the rotor is rotatably held by a fourth 
intermediate member 35 having a hollow cylindrical 
shape. The outer circumferential surface of the fourth 

15 intermediate member 35 having the hollow cylindrical- 
shape rotatably fits in the inner surfaces of the first 
outer magnetic pole portions 38a, 38b, 38c, 38d, 38e, 
38f , 38g, and 38h of the first stator 38 and the inner 
surfaces of the second outer magnetic pole portions 

20 39a, 39b, 39c, 39d, 39e, 39f , 39g, and 39h of the 

second stator 39. The inner circumferential surface of 
the fourth intermediate member 35 rotatably fits on the 
outer circumferential surface of the magnet 31. The 
magnet 31 is rotatably held (axially supported) by the 

25 fourth intermediate member 35, 

The operation of this stepping motor will be 
described next with reference to Figs. lOA to lOD and 
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Figs. IIA to IID. 

The first and second coils 32 and 34 are energized 
in the states shown in Figs. lOA and llA to magnetize 
the first outer magnetic pole portions 38a, 38b, 38c, 
38d, 38e, 38f , 38g, and 38h to the N pole; the first 
inner magnetic pole portions 38i, 38 j, 38k, 38m, 38n, 
38p, 38q, and 38r to the S pole; the second outer 
magnetic pole portions 39a, 39b, 39c, 39d, 39e, 39f, 
39g, and 39h to the N pole; and the second inner 
magnetic pole portions 39i, 39 j, 39k, 39m, 39n, 39p, 
39q, and 39r to the S pole. As a consequence, the 
magnet 31 serving as the rotor rotates counterclockwise 
by 11.25" to reach the states shown in Figs, lOB and 
IIB. 

The first coil 32 is then energized in the reverse 
direction to magnetize the first outer magnetic pole 
portions 38a, 38b, 38c, 38d, 38e, 38f , 38g, and 38h to 
the S pole; the first inner magnetic pole portions 38i, 
383, 38k, 38m, 38n, 38p, 38q, and 38r to the N pole; 
the second outer magnetic pole portions 39a, 39b, 39c, 
39d, 39e, 39f , 39g, and 39h to the N pole; and the 
second inner magnetic pole portions 39i, 39 j, 39k, 39m, 
39n, 39p, 39q, and 39r to the S pole. As a 
consequence, the magnet 31 serving as the rotor rotates 
counterclockwise by 11.25* to reach the states shown in 
Figs. IOC and IIC. 

The second coil 34 is then energized in the 
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reverse direction to magnetize the first outer magnetic 
pole portions 38a, 38b, 38c, 38d, 38e, 38f , 38g, and 
38h to the S pole; the first inner magnetic pole 
portions 38i, 38 j , 38k, 38m, 38n, 38p, 38q, and 38r to 
5 the N pole; the second outer magnetic pole portions 
39a, 39b, 39c, 39d, 39e, 39f , 39g, and 39h to the S 
pole; and the second inner magnetic pole portions 39i, 
39 j, 39k, 39m, 39n, 39p, 39q, and 39r to the N pole. 
As a consequence, the magnet 31 serving as the rotor 

10 rotates counterclockwise by 11.25* to reach the states 
shown in Figs e lOD and IID. Subsequently, the current 
directions to the coils 32 and 34 are sequentially 
switched in this manner to rotate the magnet 31 serving 
as the rotor to positions corresponding to current 

15 phases. 

According to the second embodiment described with 
reference to Figs* 8 to llA through IID, the gap 
between the outer circumferential surface of the magnet 
31 and the first outer magnetic pole portions 38a, 38b, 

20 38c, 38d, 38e, 38f , 38g, and 38h or second outer 

magnetic pole portions 39a, 39b, 39c, 39d, 39e, 39f , 
39g, and 39h is defined by only the thickness of the 
fourth intermediate member 35. Therefore, this gap can 
be kept with high precision, and the characteristics 

25 and performance of a motor can be stabilized in mass 

production. That is, in the second embodiment as well, 
the same effect as that of the first embodiment can be 



obtained. In addition, according to this embodiment, 
since the magnet 31 can be rotatably held by the hollow 
structure, a hollow doughnut -shaped motor can be 
formed. This makes it possible to form an actuator 
having a small size in the radial direction. 
Consequently, a motor can be obtained, which has an 
optimal arrangement as an actuator that is mounted in 
the lens barrel of a camera and drives a shutter blade 
or aperture lens . 

The fourth intermediate member 35 rotatably fits 
in the inner surfaces of the outer magnetic pole 
portions of both the first and second stators 38 and 
39. However, the fourth intermediate member 35 may be 
rotatably fitted in the inner surfaces of the outer 
magnetic pole portions of one of the stators. With 
this arrangement as well, the same effect as that 
described above can be obtained. 

In addition, when the motor of this embodiment is 
used for a light amount adjusting apparatus, the hollow 
portion can be positioned as an optical path. 
Therefore, the size of the light amount adjusting 
apparatus can be as small as approximately (magnet 
thickness + inner magnetic poles + outer magnetic 
poles) X 2 + D2. 
(Third Embodiment) 

Figs, 12 to 15 are views showing the third 

embodiment . 
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Fig. 12 is an exploded perspective view of a light 
amount adjusting apparatus. Fig. 13 is a sectional 
view of the light amount adjusting apparatus. 
Figs. 14A and 14B are schematic sectional views 
respectively taken along lines A - A and B - B in 
Fig. 13, 

Referring to Figs. 12 to 14B, a first stator 38, 
second stator 39, first coil 32, second coil 34, and 
coupling ring 20 have substantially the same 
arrangements as those of the second embodiment . The 
same reference numerals as the second embodiment denote 
the same parts in the third embodiment , and a detailed 
description thereof will be omitted. 

A magnet 31 in this embodiment is the same as that 
in the second embodiment in that a rib portion 31s 
having a small diameter is formed on a central portion 
in the axial direction. In this embodiment, the rib 
portion 31s has a pin 31t. 

This apparatus further includes a first hollow 
fitting member 41 fitted in the first inner magnetic 
pole portions and a second hollow fitting member 42 
fitted in the second inner magnetic pole portions. 

The first hollow fitting member 41 is fixed in the 
inner cylinder of the first stator 38. The first 
hollow fitting member 41 has a plurality of projections 
outside in the radial direction. These projections are 
formed by the same number as that of comb teeth serving 



as inner magnetic poles. The number of projections may 
foe smaller than that of inner magnetic poles • However, 
these projections are preferably arranged at equal 
intervals in the circumferential direction* 
Projections 41a, 41b, 41c, 41d, 41d, 41e, 41f , 41g, and 
41h fit between inner magnetic poles 38i, 38 j , 38k, 
38m, 38n, 38p, 38p, and 38r. These projections are 
slidably fitted in an inner circumferential surface 31u 
of the magnet 31, The first hollow fitting member 41 
has a hollow structure. 

The second hollow fitting member 4 2 is fixed in 
the inner cylinder of the second stator 39 • The second 
hollow fitting member 42 has a plurality of projections 
outside in the radial direction* These projections are 
formed by the same number as that of comb teeth serving 
as inner magnetic poles. The number of projections may 
be smaller than that of inner magnetic poles. However, 
these projections are preferably arranged at equal 
intervals in the circumferential direction. 
Projections 42a, 42b, 42c, 42d, 42e, 42f, 42g, and 42h 
fit between inner magnetic poles 39i, 39 j, 39k, 39m, 
39n, 39p, 39q, and 39r. These projections are slidably 
fitted in the inner circumferential surface 31u of the 
magnet 31. The second hollow fitting member 42 also 
has a hollow structure. 

The movement of the rib portion 31s of the magnet 
31 in the thrust direction is regulated by the first 



and second hollow fitting member 41 and 42 • The magnet 
1 is rotatably held by this structure* 

Since the first and second hollow fitting members 
41 and 42 slidably move on the inner circumferential 
surface of the magnet, the magnet can be rotated while 
its positional precision in the radial direction is 
maintained high* In addition, since the magnet is 
rotatably held by the first and second hollow fitting 
members 41 and 42, no output shaft for axially 
supporting the motor is required. This makes it 
possible to realize a doughnut -shaped hollow motor. 
Therefore, this motor is suitably used for a lens 
driving apparatus or the like having a hollow portion 
as an optical axis . 

A case where this motor is mounted in a stop 
driving apparatus will be described below* 

This apparatus includes a base plate 60 and an 
output ring 61 rotatably mounted on the base plate 60. 
The base plate 60 has an aperture portion 60D. A hole 
61a of the output ring 61 receives the pin 31t of the 
magnet 31. The output ring 61 is therefore regulated 
in the rotating direction by the magnet and rotates 
together with the magnet 31. 

Aperture blades 62 and 63 respectively have dowel 
pins 62A and 63A and hole portion 62B and 63B. The 
dowel pins 62A and 63A slidably fit in cam grooves 60A 
and 60B formed in the base plate 60, and the hole 
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portion 62B and 63B rotatably receive dowel pins 61B 
and 61C of the output ring 61. As the output ring 61 
rotates, the aperture blades 62 and 63 rotate about the 
optical axis and change the aperture amount . A blade 
press plate 64 is attached to the inner surface of the 
first stator 18. The blade press plate 64 and base 
plate 60 form a space in which the aperture blades 62 
and 63 can move. 

Figs. 14A and 14B are schematic sectional views 
respectively taken along lines A - A and B - B in 
Fig. 13. An illustration of parts that are not 
necessary for the description of the operation of the 
motor, such as the aperture blades and output ring, is 
omitted from Figs. 14A and 14B. The driving principle 
of the motor of this embodiment is the same as that of 
the second embodiment , and hence a description thereof 
will be omitted. 

As described above, the hole 61a of the output 
ring 61 receives the pin 31 t of the magnet 31 so that 
the output ring 61 rotates together with the magnet 31. 
The magnet 31 is sequentially rotated by sequentially 
switching the energizing directions of the first and 
second coils 32 and 34. 

Fig. 15 shows a modification of the third 
embodiment . The above motor is used as a driving 
source for a lens barrel instead of an aperture driving 
apparatus. A helicoid base plate 70 is fixed to the 



first stator 38. A lens holder 71 has a male helicoid 
portion 71a. The male helicoid portion 71a slidably 
fits in a female helicoid portion 70a of the helicoid 
base plate 70. With this structure, the lens holder 71 
moves in the axial direction as it rotates. 

A lens 72 is fixed to the lens holder 71. The 
position of the lens holder 71 changes in the optical 
axis direction as it rotates. The lens holder 71 has a 
groove 70b. This groove 70b receives the pin 3 It of 
the magnet 31. Therefore, the lens holder 71 rotates 
together with the magnet 31 and moves in the axial 
direction as it rotates. That is, the position of the 
lens 72 changes in the optical axis direction as the 
magnet 31 rotates. Since the optical axis and optical 
path of the lens 72 are positioned in the hollow 
portion of the hollow motor, a compact lens barrel unit 
can be realized as a whole. 

According to the third embodiment described with 
reference to Figs. 12 to 14A and 14B and the 
modification described with reference to Fig. 15, the 
gaps between the magnet 31 and the first and second 
stators are defined by only the thicknesses of the 
first and second hollow fitting members. Therefore, 
the gaps can be kept with high precision, and the 
output characteristics and performance of motors can be 
stabilized in mass production. With the third 
embodiment as well, the same effects as those of the 
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first and second embodiments can be obtained. In 
addition, since the magnet 31 can be rotatably held by 
the hollow structure, a hollow doughnut -shaped motor 
can be realized. This makes it possible to form an 
actuator having a small size in the radial direction. 
Consequently, a motor can be obtained, which has an 
optimal arrangement as an actuator that is mounted in 
the lens barrel of a camera and drives a shutter blade 
or aperture lens . 
(Fourth Embodiment) 

Figs. 16 to 18A and 18B are views showing the 
fourth embodiment . 

Fig. 16 is an exploded perspective view of a light 
amount adjusting apparatus. Fig. 17 is a sectional 
view of the light amount adjusting apparatus . 
Figs. 18A and 18B are schematic sectional views 
respectively taken along lines A - A and B - B in 
Fig. 17. 

Referring to Figs. 16 to 18A and 18B, a magnet 31, 
first stator 38, second stator 39, first coil 32, 
second coil 34, and constituent members 60 to 64 of a 
stop driving apparatus have substantially the same 
arrangements as those in the third embodiment. The 
same reference numerals as in the third embodiment 
denote the same parts in the fourth embodiment, and a 
detailed description thereof will be omitted. 

Unlike the third embodiment , this embodiment does 



not have the coupling ring 20, first hollow fitting 
member 41, and second hollow fitting member 42, but has 
a fitting coupling member 50 instead of these members. 

The fitting coupling member 50 is made of a 
nonmagnetic material, e,g., a plastic material, and has 
a thin hollow cylindrical shape. The fitting coupling 
member 50 is fixed on the outer cylinders of the first 
and second stators* This fitting coupling member 50 
has a plurality of projections in the radial direction. 
These projections include first projections 50a, 50b, 
50c, 50d, 50e, 50f , 50g, and 50h formed by the same 
number as that of teeth of first outer magnetic pole 
portions and second projections 50i, 50 j, 50k, 50m, 
50n, 50p, 50q, an 50r formed by the same number as that 
of teeth of second outer magnetic pole portions . The 
first and second projections are formed on end portions 
of the motor in the axial direction. The numbers of 
these projections may be smaller than those of the 
first and second outer magnetic pole portions. 
However, the projections are preferably arranged at 
equal intervals in the circumferential direction. The 
first projections fit between first outer magnetic pole 
portions 38a, 38b, 38c, 38d, 38e, 38f , 38g, and 38h. 
The second projections fit between second outer 
magnetic pole portions 39a, 39b, 39c, 39d, 39e, 39f, 
39g, and 39h. These projections slidably move on the 
outer circumferential surface of the magnet 31. 



The projections of the fitting coupling member 50 
come into contact with the portions between the outer 
magnetic pole portions of each stator to regulate the 
position of the stator in the thrust direction, i»e, , 
the axial direction. Therefore, the fitting coupling 
member 50 can fix the first and second stators 38 and 
39 at a predetermined distance from each other. 

In addition, the first and second projections are 
arranged with a phase shift of 180/n** (11.25° in this 
embodiment). If, therefore, the first and second 
stators fit, the first and second stators fit /are fixed 
with a phase shift of 180/n** • 

Since the fitting coupling member 50 is made of a 
nonmagnetic material, the first and second stators 38 
and 39 can be magnetically isolated from each other, 
thereby preventing the respective stators from 
magnetically influencing each other. This stabilizes 
the performance of the motor. 

As shown in Fig. 19, projections 50s and 50t 
forming a regulating portion for regulating the 
movement of the magnet 31 in the thrust direction are 
formed on the inner circumferential surface of the 
fitting coupling member 50. The projections 50s and 
50 t are formed to clamp the magnet 31 from the two 
sides in the axial direction. That is, the position of 
the magnet 31 in the thrust direction is regulated by 
the projections 50s and 50t of the fitting coupling 



member 50 • 

Note that the distal end portions of the 
projections 50s and 50t are located closer to the inner 
circumferential side than the outer circumferential 
surface of the magnet 31. For this reason, when the 31 
and fitting coupling member 50 are to be assembled, one 
of the projections 50s and 50t is elastically deformed. 

Since the inner circumferential surface of the 
fitting coupling member 50 slidably moves on the outer 
circumferential surface of the magnet, the magnet can 
be rotated while its position in the radial direction 
is maintained with high precision. In addition, since 
the magnet is rotatably held by the projections 50s and 
50t, an output shaft for axially supporting the motor 
is not required. This makes it possible to realize a 
doughnut -shaped hollow motor. Therefore, this motor is 
suitably used for a lens driving apparatus or the like 
having a hollow portion as an optical axis . 

Figs. 18A and 18B are schematic sectional views 
respectively taken along the lines A - A and B ~ B in 
Fig. 17. An illustration of parts that are not 
necessary for the description of the operation of the 
motor, such as the aperture blades and output ring, is 
omitted from Figs. 18A and 18B. The driving principle 
of the motor of this embodiment is the same as that of 
the second embodiment , 

As in the third embodiment, a hole 61a of the 



output ring 61 receives a pin 31t o£ the magnet 31 so 
that the output ring 61 rotates together with the 
magnet 31. By sequentially switching the energizing 
directions of the first and second coils 32 and 34, the 
magnet 31 is sequentially rotated. 

Fig. 19 shows a modification of the fourth 
embodiment. The above motor is used for a driving 
source for a lens barrel instead of an aperture driving 
apparatus. A helicoid base plate 70 is fixed to the 
first stator 38. A lens holder 71 has a male helicoid 
portion 71a. The male helicoid portion 71a slidably 
fits in a female helicoid portion 70a of the helicoid 
base plate 70. With this structure, the lens holder 71 
moves in the axial direction as it rotates . 

A lens 72 is fixed to the lens holder 71. The 
position of the lens holder 71 changes in the optical 
axis direction as it rotates. The lens holder 71 has a 
groove 70b. The groove 70b receives the pin 3 It of the 
magnet 31. With this structure, the lens holder 71 
rotates together with the magnet 31, and moves in the 
axial direction as it rotates. That is, when the 
magnet 31 rotates, the position of the lens 72 in the 
optical axis direction changes. Since the optical axis 
and optical path of the lens 72 are positioned in the 
hollow portion of the hollow motor, a compact lens 
barrel unit can be realized as a whole. 

According to the fourth embodiment described with 



reference to Figs* 16 to 18A and 18B and the 
modification described with reference to Fig. 19, the 
gaps between the magnet 31 and the first and second 
stators are defined by only the thickness of the 
fitting coupling member 50. In addition, the relative 
positions of the magnet 31 and first and second outer 
magnetic pole portions in the thrust direction are 
regulated by the fitting coupling member 50 near the 
outer magnetic pole portions. Therefore, the gaps 
between the magnet 31 and the respective magnetic pole 
portions can be regulated with high precision, and the 
output characteristics and performance of motors can be 
stabilized in mass production* 

In addition, in this embodiment as well, since the 
magnet is rotatably held by the fitting coupling member 
50 for holding the first and second stators 38 and 39, 
a hollow doughnut -shaped motor can be realized with a 
simple arrangement. This makes it possible to form an 
actuator having a small size in the radial direction. 
Consequently, a motor can be obtained, which has an 
optimal arrangement as an actuator that is mounted in 
the lens barrel of a camera and drives a shutter blade 
or aperture lens . 



